F»D-A140  268 


UNCLASSIFIED 


A  FIELD  EVALUATION  OF  THE  BENDIX  GVROCOMPASS  NAVIGATION 
SVSTEH  -  LAND  NAV.  .  <U>  ARMV  MISSILE  COMMAND  REDSTONE 
ARSENAL  AL  GUIDANCE  AND  CONTROL.  .  S  G  MCDANIEL  FEB  84 
DRSMI7RG-84-S-TR  SBI-AD-E950  515  F/G  17/7  NL 


171 


ADA140368 


m  i.. 


-  yia  -  W  i.-*  >-  i*«  W<  %»«.>'  _*»•*  fc-  . 


<^r£c-  ?VD  *7S 


1 


TECHNICAL  REPORT  RG-84-6 


A  FIELD  EVALUATION  OF  THE  BENDIX  GYROCOMPASS  NAVIGATION 
SYSTEM  •  LAND  NAVIGATOR 


S.  6.  McDaniel 

Guidance  and  Control  Directorate 
US  Army  Missile  Laboratory 


FEBRUARY  1964 


DISPOSITION  INSTRUCTIONS 


DESTROY  THIS  REPORT  WHEN  IT  M  NO  LONGER  NCIOCO.  00  NOT 
RCTURN  IT  TO  THS  ORIGINATOR. 


DISCLAIMER 

THK  FINOINGS  IN  THIS  RESORT  ARE  NOT  TO  BE  CONSTRUED  AS  AN 
OFFICIAL  DEPARTMENT  OF  THE  ARMY  POSITION  UNLESS  SO  DESIG¬ 
NATED  BY  OTHER  AUTHORIZED  DOCUMENTS. 


TRADE  NAMES 

USE  OF  TRADE  NAMES  OR  MANUFACTURERS  IN  THIS  REPORT  DOES 
NOT  CONSTITUTE  AN  OFFICIAL  INDORSEMENT  OR  APPROVAL  OF 
THE  USE  OF  SUCH  COMMERCIAL  HARDWARE  OR  SOFTWARE. 


UNCLASSIFIED 


SECURITY  CLASSIFICATION  OF  THIS  FAOC  (WhaoJ 


|  REPORT  DOCUMENTATION  PAGE 

READ  INSTRUCTIONS 

BEFORE  COMPLETING  FORM 

1.  RECIPIENT'S  CATALOG  NUMBER 

4.  TITLE  (m4  Subtitle) 

A  Field  Evaluation  of  the  Bendix  Gyrocompass 
Navigation  System  -  Land  Navigator 

Technical 

S.  PERFORMING  ORG.  REPORT  NUMBER 

7.  AUTHOR?*) 

S.  G.  McDaniel 

8.  CONTRACT  OR  GRANT  NUMBERS 

A  PERFORMING  OROAHIZATIOH  NAME  AND  ADORESS 

Commander 

US  Army  Missile  Command 

ATTN:  DRSMI-RGL 

Redstone  Arsenal,  AL  35898 

io.  program  element,  project,  task 

AREA  4  WORK  UNIT  NUMBERS 

II.  COHTROLLINO  OFFICE  HAME  AND  ADORESS 

Commander 

US  Army  Missile  Command 

ATTN:  DRSMI-RPT 

Redstone  Arsenal.  AL  35898 

12.  REPORT  DATE 

February  1984 

IS.  NUMBER  OF  PAGES 

14.  MONITORINO  AGENCY  NAME  4  AOORESSfif  SHiml  tram  Controlling  Ottl ce) 

19.  SECURITY  CLASS,  (of  thlo  report) 

UNCLASSIFIED 

ar  f  mourns  r  n  j  r-rv  d  m  :  ri-M'.i : 

1 

IS.  DISTRIBUTION  STATEMENT  (at  thta  Rmpart) 

Approved  for  public  release;  distribution  unlimited. 

17.  DISTRIBUTION  STATEMENT  (at  tha  abstract  entered  In  Bloc*  30,  It  different  tram  Report) 

IS.  SUPPLEMENTARY  NOTES 

IS.  KEY  WORDS  (Continue  an  ravarma  elde  It  neceeeery  and  Identify  by  bloc*  number) 

20.  ABSTRACT  (Cemtlmee  a  rererwe  >*k  *  nmemoeoey  end  Identity  by  bloc *  ntmber) 

The  Bendix  Gyrocompass  Navigation  System  (GNS)  is  a  low  cost,  moderately 

accurate  land  navigator  intended  for  use  in  combat  and  service  vehicles  not 
requiring  the  accuracy  of  a  weapon  delivery  system.  A  GNS  was  field  evaluated 
The  course  traversed  included  paved  roads,  dirt  roads,  and  an  extreme  eleva¬ 
tion  change.  The  results  including  system  and  vehicle  errors  indicate  a  1.40% 
of  distance  traveled  system.  ■ 


SS  .‘VAVlVlTJ  V'.". »  \  1%  -A 


.V 


;VY-  >>'.'■  -.-v  : 


ACKNOWLEDGEMENTS 

The  author  vlahes  to  thank  Steve  Thompson ,  Arthur  Shell,  and  Peggy  Campbell 
of  the  Guidance  and  Control  Directorate  for  jobs  well  done  In  support  of  this 
effort*  Thanks  are  also  extended  to  Frank  Rosen,  Frank  DeCarlo,  and  X.  Mlnervinl 
of  Bendix  for  the  use  of  their  time  and  equipment  which  allowed  this  study  to  be 
performed. 


U>  CO  fO 


mwsKrsV.J’!  v/v.75r5T7»s?rr^i-.,r» 


I.  INTRODUCTION 

A.  Description  of  Equipment 

The  Bendix  Gyrocompass  Navigation  System  (GNS)  is  a  low  cost,  self- 
contained,  dead-reckoning  navigation  system  whose  primary  functions  are  to: 

o  Determine  the  orientation  of  the  vehicle  with  respect  to  North 

o  Provide  land  navigation  Information  in  Universal  Transverse 
Mercator  (UTM)  coordinates  (northing/easting) 

o  Provide  range  and  bearing  information  to  operator-selected 
destinations 

The  GNS  receives  distance  traveled  Information  from  an  encoder 
attached  to  the  vehicle  odometer  cable,  and  resolves  this  information,  using 
its  heading  output,  into  Incremental  Northing  and  Easting.  Continuous  sum¬ 
mation  from  the  initial  position  provides  present  position  Information. 

The  GNS  is  configured  as  four  Line  Replaceable  Units  (LRU): 
o  Navigation  Reference  Unit  (NRU) 
o  Navigation  Display  Unit  (NDU) 
o  Display  Computer  Unit  (DCU) 
o  Distance  Measuring  Unit  (DMU) 

The  NRU  sensing  elements  consist  of  a  Directional  Gyro  (DG)  and  bubble 
levels  details  of  which  are  company  proprietary.  The  DG  is  rotated  for  ini¬ 
tialization,  then  uprlghted  for  navigation.  The  bubble  levels  sense  changes 
in  roll  and  pitch. 

The  GNS  provides  navigation  capability  within  five  minutes  from  power 
on.  It  provides  the  following  additional  capabilities: 

o  Realign  -  at  operator  request,  with  vehicle  stationary,  the  GNS  re- 
gyrocompasses  within  3  minutes  to  normal  accuracy. 

o  Position  Update  -  the  operator  can  insert  new  Northing/ Easting 
updates,  at  any  time,  without  impacting  the  GNS  operational  sta¬ 
tus. 

o  Navigation  Calibration  -  at  operator  request,  the  GNS  will  automa¬ 
tically  calculate  the  odometer  scale  factor  and  the  azimuth  crab 
angle  of  the  NRU  with  respect  to  the  vehicle  longitudinal  axis. 

DG  Drift  Update  -  The  GNS  automatically  calculates  DG  drift,  when 
the  vehicle  remains  stationary  for  2.5  minutes.  This  sub  mode  is 
automatically  exited  upon  vehicle  movement  and  does  not  impact 
operational  status. 


o 


The  GNS  evaluated  was  a  brassboard  configuration  consisting  of  produc¬ 
tion  assets  from  the  MLRS  program  which  were  modified  for  GNS  usage.  LRU  size 
and  weight  did  not  reflect  the  production  GNS  form  and  fit.  The  function  of 
the  brassboard  was  that  of  a  production  GNS.  The  GNS  system  was  designed  for 
2  percent  of  distance  traveled  (RMS)  performance,  when  used  for  all  phases  of 
vehicle  operation,  including  highway  and  cross  country  travel. 

B.  Test  Objectives 

The  object  of  this  study  was  to  evaluate  the  land  navigation  capabili¬ 
ties  of  the  GNS.  The  GNS  has  possible  use  as  a  low  cost  land  navigator  on 
such  systems  as  Fiber  Optic  Guided  Missile  (FOG-M)  and  mobile  land  combat 
vehicles.  The  performance  criteria  were  Defense  Mapping  Agency  (DMA)  survey 
points  located  in  nearby  Huntsville,  AL.  The  GNS  was  driven  directly  over 
these  points  and  its  outputs  compared  to  the  known  location  of  the  points. 

II .  TEST  PROCEDURE 

The  GNS  was  installed  in  a  US  Army  step  van  with  no  precise  alignment  to 
the  vehicle  axis.  The  van  was  then  driven  over  the  course  shown  in  Figure  1 
to  calibrate  the  odometer  input  and  to  determine  the  system  and  vehicle  mis¬ 
alignment.  Table  I  shows  the  location  of  the  DMA  survey  points  in  UTM 
northing,  easting,  and  elevation  based  on  the  Clarke  1866  ellipsoid.  As  can 
be  seen,  the  course  included  a  severe  elevation  change. 


TABLE  I.  DMA  SURVEY  POINTS 


DESIGNATION 

NORTHING 

EASTING 

ELEVATION 

(M) 

(M) 

(M) 

AP 

3838102 

537624 

187 

TOWER 

3843154 

545366 

497 

DEPOT 

3843591 

537522 

190 

Once  the  system  was  calibrated,  actual  runs  were  taken  thusly: 


1)  the  vehicle  was  parked  at  AP 

2)  the  GNS  gyrocompassed  and  initialized  for  approximately  4  minutes 

3)  having  determined  heading  the  system  was  ready  to  go 

4)  the  van  was  driven  to  the  DEPOT 

5)  the  GNS  outputs  were  recorded  (northing,  easting,  distance) 

6)  the  van  was  driven  to  the  TOWER 

7)  the  GNS  outputs  were  recorded 

8)  the  van  was  driven  to  AP 

9)  the  GNS  outputs  were  recorded. 


This  procedure  was  repeated  five  times.  The  course  was  then  run  five  times  In 
the  opposite  direction.  There  were  no  system  updates  during  the  individual 
runs. 

III.  RESULTS 

The  results  shown  in  Table  II  indicate  an  overall  system  performance  of 
1.40%  (RMS)  of  distance  traveled  or  a  Circular  Error  Probable  (CEP)  of  381  m 
with  a  maximum  move  of  approximately  40  Km  over  terrains  that  include  severe 
elevation  changes.  These  statistics  were  determined  thusly: 

1)  RMS  was  calculated  from  the  five  runs  of  each  direction  for  northing 
error,  easting  error,  radial  error,  and  %  distance  traveled 

2)  CEP  was  calculated  using  the  following  equation 

CEP-  .589  (Northing  Errorj^g  +  Easting  Errorg^g) 

Plots  of  radial  error  and  CEP  vs  distance  traveled  are  shown  in  Figures  2  and 
3.  Statistical  calculations  were  also  made  for  the  performance  of  the  system 
dependent  on  the  direction  the  vehicle  traversed  the  course  (clockwise  or 
counterclockwise).  Interestingly,  there  is  a  difference.  This  difference 
seems  to  be  related  to  the  elevation  change.  A  study  of  the  flat  portions  of 
the  course  with  no  elevation  inputs  show  a  1.002  (RMS)  of  distance  traveled. 

The  portions  of  the  course  that  include  flat  or  uphill  inputs  is  .90%  (RMS)  of 
distance  traveled.  The  %  (RMS)  of  distance  traveled  for  portions  of  the 
course  after  the  TOWER  is  1.76. 

IV.  CONCLUSIONS 

The  Bendix  GNS  is  advertised  as  a  2%  of  distance  traveled  system.  This 
study  shows  that  it  is  a  1.40%  or  better  system.  Previous  GNS  demonstrations 
have  indicated  the  system  is  better  than  1%  on  flat  terrain.  This  evaluation 
made  use  of  flat  terrain  and  a  mountain  which  consisted  of  an  elevation  change 
of  approximately  310  m. 

Error  sources  for  this  evaluation  include  system  sensitivity,  road  tilt, 
vehicle  tilt,  and  changes  in  tire  air  pressure.  Although  there  were  no 
obvious  changes,  vehicle  tilts  on  the  winding  roads  up  the  mountain  probably 
caused  the  tire  pressure  to  change.  This  in  turn  affected  the  odometer  input 
scale  factor. 

Whether  or  not  the  vehicle  induced  errors,  this  was  a  real  demonstration 
of  odometer  input  land  navigation  systems. 

As  was  shown  in  the  RESULTS  section  the  largest  portion  of  the  errors  were 
associated  with  the  mountain.  In  the  counterclockwise  runs  the  errors  came 
early  and  had  a  chance  to  build  and  affect  the  rest  of  the  run.  In  the  clock¬ 
wise  runs  the  mountain  came  later  reducing  the  error  buildup  time. 
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Figure  3.  CEP  vs  distance  traveled 
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